Varicella-zoster virus (VZV) encodes a functional cell membrane Fc receptor called glycoprotein gE. VZV gE resembles other mammalian cell membrane receptors, such as the mammalian Fc receptor. In further analyses by transient transfection, the cellular trafficking of VZV gE was compared to other cell surface receptors. VZV gE was shown to undergo endocytosis from the cell membrane when visualized by laser scanning confocal microscopy. The endocytosis and trafficking pathway of VZV gE followed closely the pathway defined for the human transferrin receptor. Receptor-mediated endocytosis of VZV gE was dependent on a YAGL motif in its cytoplasmic tail. In addition, VZV gE underwent receptor-mediated endocytosis when it bound the Fc portion of immunoglobulin. Thus, this detailed study of VZV gE cellular trafficking has revealed potential roles for gE during viral infection.
Varicella-zoster virus (VZV) is the prototype member of the MD). HeLa cells were grown in Eagle complete medium supplemented with 10% fetal bovine serum. A recombinant vacalphaherpesvirus subgroup now designated as the Varicellovirus genus [1] . The genome of VZV encodes at least six glycocinia virus (T7-vaccinia virus) and the expression plasmid pTM1 have been described [10] . The strategy for construction proteins: gB, gC, gE, gH, gI, and gL [2] . Of the VZV glycoproteins, gE (previously designated gpI or gp98) is the most of plasmid pTM1-gE containing VZV open-reading frame 68 has been published previously [5] . abundant virion envelope protein and the predominant VZV glycoprotein expressed on the surface of infected cells [3, 4] .
Endocytosis assay with laser scanning confocal microscopy. HeLa cells were infected with recombinant T7-vaccinia virus VZV gE is a typical type I transmembrane glycoprotein, which is highly modified by N-linked and O-linked glycosylation, and then transfected with plasmid construct containing the gE gene, pTM1-gE, as previously described [11] . After 16 h, the sialylation, and sulfation [5] . In addition, VZV gE contains a serine/threonine casein kinase II phosphorylation site [5, 6] . cells were washed twice with cold PBS (pH 7.4). The primary monoclonal antibody (MAb) 3B3, was added to each dish VZV gE can also form homodimers, which are modified by tyrosine phosphorylation [6] . During viral infection, VZV gE (1:2000 dilution in PBS) and then incubated at 4ЊC for 30 min. MAb 3B3 recognizes an 11 -amino acid epitope in the forms a protein complex with VZV gI [3] . Most interestingly, VZV gE on the surface of infected cells has previously been ectodomain of VZV gE [12] . The cells were washed once with PBS and once with Eagle complete medium. Then fresh shown to function as an Fc receptor for nonimmune IgG [7, 8] . Homology studies have demonstrated that gE displays a medium was added, and the cells were incubated for various time intervals at 37ЊC. At given time intervals, the cells were combination of structural features commonly observed in several nonviral cell surface receptors, including the Fc receptor fixed and permeabilized with 2% paraformaldehyde in 0.1 M Na 2 HPO 4 with 0.05% Triton X-100. After a 1-h incubation, (FcgRII) and the low-density lipoprotein (LDL) receptor [6] .
Due to the similarity of gE with cell surface receptors, we the cells were washed five times with PBS. The cells were next incubated with fluorescein-conjugated goat anti-mouse IgG anextended the investigation of gE to examine receptor-mediated endocytosis [9] . These studies of virus-cell interactions were tibody. After a 1-h incubation, the cells were washed five times with PBS. The cells were viewed with a laser scanning confocal greatly facilitated by advancements in imaging technology, especially laser scanning confocal microscopy. Endocytosis of VZV gE a lysosomal pathway or to a recycling pathway. To determine in the cytoplasmic tail region of these retroviral proteins [13, 14] . Thus, endocytosis may be a common mechanism among if VZV gE was being endocytosed in a manner similar to other cell receptors, endocytosis of gE was investigated by laser enveloped viruses as diverse as a VZV herpesvirus and HIV/SIV retroviruses. scanning confocal microscopy. HeLa cells were transfected with plasmid pTM1-gE, which contains the entire wild-type VZV gE is localized to the cell membrane of virus-infected cells, both in cell culture and in the vesicular lesions seen in gE gene. Sixteen hours after transfection, the cells were incubated with MAb 3B3 at 4ЊC for 30 min. Since endocytosis is humans with chickenpox [3, 7] . Additional studies demonstrate that VZV gE is found in abundant amounts on the cell meminhibited at 4ЊC, the antibody binds only to surface gE. The cells were returned to 37ЊC for increasing time periods to allow brane when expressed in transfected cells [5] . Since gE resembles mammalian cell surface receptors, such as LDL receptor internalization of gE from the surface. At given time intervals, the cells were fixed and permeabilized prior to incubation with and FcgRII, the present studies focused on determining whether gE also retains related cellular trafficking patterns. In fluorescein-conjugated secondary antibody.
The transfected cells were analyzed to determine the localthis report and in an earlier study [11] , VZV gE was shown to undergo endocytosis from the cell membrane in clathrinization of gE by optical sectioning in 1-mm increments from the surface of the cell to the plane of cell attachment. As shown coated vesicles and then recycle through the endosomes and be trafficked back to the cell membrane [11] . The fact that in figure 1A , gE was easily detected uniformly over the surface when the cells were not returned to 37ЊC following incubation both gE and the transferrin receptor exhibited a similar internalization pattern from the cell membrane indicated that the transwith MAb 3B3. When the cells were incubated at 37ЊC for 5 min (figure 1B), gE formed a clumping pattern on the surface fection system was not altering the normal trafficking pathways of the cell [11] . of the cell. After a 10-min interval at 37ЊC (figure 1C), gE was clumped on the surface as well as internalized within the cell.
In addition, Alconada et al. [15] reported that VZV gE undergoes endocytosis from the cell membrane and travels to the When the cells were incubated at 37ЊC for 15 min (figure 1D), gE was clearly internalized within the cell. After the cells were trans-Golgi network. Olson and Grose [11] revealed by mutagenesis studies that the YAGL sequence in the cytoplasmic tail incubated at 37ЊC for 30 min (figure 1E) or 60 min (figure 1F), gE was detected within the cells beneath the outer cell of gE was the internalization signal. Finally, VZV gE was shown to bind the Fc portion of IgG on the surface of cells membrane in a distinctive staining pattern consisting of many small circular vesicles. There was a small but consistent deand then undergo endocytosis from the cell membrane [11] .
Results from studies on VZV gE trafficking are illustrated crease in signal at the last two time points; this decrease may be related to the vaccinia transfection system used in this study.
in a model shown in figure 2 . Initially, VZV gE is translocated into the endoplasmic reticulum by a signal sequence that is Taken together, the results in figure 1 indicated that VZV gE was being internalized from the cell membrane in an endocytic subsequently cleaved from the protein [5] . VZV gE then transits the endoplasmic reticulum and exits via a di-acidic signal pathway.
(DXE) on the cytoplasmic tail [16] . Like other glycoproteins, gE obtains its mature glycosylated form in the Golgi [3] . Zhu Discussion and colleagues [17, 18] reported that VZV gE contains a localization signal for the trans-Golgi network in its cytoplasmic Endocytosis is the process by which outer cell membrane receptors are selectively internalized in a signal-dependent tail and may undergo endocytosis from the outer cell membrane. The trans-Golgi signal consisted of an AYRV sequence manner. Receptor-mediated endocytosis is important for the cellular uptake of macromolecules that bind to the cell surface and an acidic amino acid region, which is also a casein kinase II phosphorylation sequence [18] . The last-mentioned AYRV receptors [9] . Likewise, endocytosis is critical for the cellular regulation of protein composition in the plasma membrane.
signal is distinct from the YAGL internalization motif. From the trans-Golgi network, VZV gE may traffick directly to the Cell membrane receptor proteins are internalized during endocytosis by clustering in clathrin-coated pits. The clathrin-coated cell membrane in a manner similar to other cell receptors, or it may travel through the early endosomes en route to the cell pits are then pinched off from the plasma membrane into the cytoplasm, forming clathrin-coated vesicles. These vesicles membrane. Alconada et al. [15] suggested that VZV gE is transported then transport the receptors to an endosomal compartment. Concentration of receptors in clathrin-coated pits is dependent from the trans-Golgi network directly to the early endosomes through clathrin-coated vesicles by association with adaptor on signals in their cytoplasmic tails, which are structural motifs. The signal is most frequently a tetrapeptide sequence consisting proteins. Following incorporation of VZV gE in the cell membrane, gE clusters into clathrin-coated pits facilitated through of aromatic-X-X-large hydrophobic residues (usually abbreviated as the YXXL motif). Recently published studies deminteractions with the YAGL signal on the cytoplasmic tail. The clathrin-coated pits containing gE then bud off from the cell onstrate that both human immunodeficiency virus type 1 (HIV-1) and simian immunodeficiency virus (SIV) envelope membrane to form clathrin-coated vesicles. The vesicles, in turn, translocate gE to the sorting endosomes fusing with the proteins undergo endocytosis from the cell membrane, and this endocytosis event is dependent on a tyrosine-containing motif endosomal compartment following clathrin dissociation from / 9d4d$$no02 09-25-98 14:06:35 jinfal UC: J Infect the vesicles. Subsequently, VZV gE is sorted into the recycling likely important for viral egress from the cell during viral infection [11, 15, 18] . VZV virions are transported through pathway and transverses the sorting and recycling endosomes for transport back to the cell membrane. Routing of VZV gE the cytoplasm in large vesicles, and these virions appear to incorporate viral glycoproteins into their envelope through fuback to the cell membrane may be directed through clathrincoated vesicles or non -clathrin-coated vesicles. Upon incorposion with glycoprotein containing vesicles [19] . In this regard, HIV and SIV retrovirologists have speculated that endocytosis ration of VZV gE into the cell membrane, the entire process of endocytosis and recycling initiates again in a continual cycle.
may regulate virion formation [13, 14] . Additionally, the homologous alphaherpesvirus gE protein is known to facilitate The endocytosis and trafficking of VZV gE may play an essential role in viral infection. Endocytosis of gE is most neurotropic cell-to-cell spread [20, 21] . Neuronal synaptic vesi- properties of endocytosis within a cell.
